We study the radiative h 0 (A 0 ) → γγ decays in the framework of the general two Higgs doublet model, the so-called model III. We estimate the decay width of the processes at the order of magnitude of 10 −2 GeV for the intermediate values of the Yukawa couplings. We observe that the analysis of the two photon system provide a comprehensive information for the complex nature of the Yukawa couplings and therefore, the source of the CP
Introduction
The radiative decays S → γγ (S: scalar, pseudo-scalar particle) are interesting to analyze since the output is the two photon system and it is rich due to two different polarizations of photons, namely the parallel and the perpendicular ones. This leads to two different amplitudes, CP odd and CP even, and the measurement of the photon spin polarization provides comprehensive information about the model parameters existing in the amplitudes. Besides this, such decays are the strong candidates to study the direct or indirect CP violation.
There are various studies on the two photon system in the literature. The decays of mesons into two photons have been analyzed theoretically [1] in various models and experimentally [2] in different collaborations. The decay of the standard model (SM) Higgs boson H 0 into two photons is another candidate for the two photon system as an output and it can provide a valuable information to understand the electroweak symmetry breaking and to predict the model parameters [3, 4] . In the SM, the H 0 → γγ decay exists at the loop level with the help of all massive particles, which have non-zero electromagnetic charge, running in the loop. The most important contributions come from the top quark and W boson. The branching ratio (BR) has been predicted at the order of the magnitude of 10 −3 in the framework of SM. The addition of the dimension six and dimension eight fermionic and bosonic operators enhances the SM width of this decay up to one order of magnitude [4] .
In the two Higgs doublet model (2HDM) which is the minimal extension of the SM, there appears the well known new Higgs scalars h 0 and A 0 in addition to the SM one, H 0 . The two photon decays of these new particles can provide a considerable information about the model parameters since they occur at least at the one loop level where all the charged fermions run in the loop. On the other hand it is possible to study the CP violating effects since the output is the two photon system and it has two different states, CP odd and CP even.
In the present work we analyze the two photon decays of new Higgs bosons h 0 and A 0 , In our analysis we take into account only the Yukawa couplings corresponding to the heaviest fermions in each group of particles, up-quarks, down-quarks, charged leptons. We also use the restrictions obtained in the literature for the existing Yukawa couplings and we estimate the decay width of the processes at the order of magnitude of 10 
where 
where only φ 1 has a vacuum expectation value;
and by considering the gauge and CP invariant Higgs potential which spontaneously breaks 
where S is the scalar h 0 or A 0 , c . Furthermore, we parametrize the complex Yukawa coupling ξ
Finally the decay width of the processes can be obtained by using the expression
In the decays h 0 → γγ and A 0 → γγ, the outgoing photons are in one of the possible states given by F µν F µν and F µνF µν which are even and odd in CP, respectively. These states corresponds to the parallel (ǫ 1 .ǫ 2 ) and perpendicular (ǫ 1 × ǫ 2 ) spin polarizations of photons.
Eq. (6) shows that the decay amplitude is CP even (odd) for the h 0 → γγ (A 0 → γγ) decay in the case of real couplings, when the one loop calculations are taken into account. The strength of the complex part in the Yukawa couplings can be estimated by detecting the CP odd (even) amplitude relative to CP even (odd) one, in other words by studying the ratio
Therefore the precise determination of the photon polarization in the experiments give considerable information about the free parameters of the theory under consideration.
Discussion
This section is devoted to the analysis of the decay width and the amplitudes for the CP even and CP odd photon states of the processes h 0 → γγ and A 0 → γγ. These processes occur at least at the loop order with the help of the internal charged fermions Fig µν (see [6] and references therein), in the region 0.257 ≤ |C ef f 7 | ≤ 0.439. Here upper and lower limits were calculated using the CLEO measurement [7] BR(B → X s γ) = (3.15 ± 0.35 ± 0.32) 10 −4 ,
and all possible uncertainties in the calculation of C ef f 7 [6] . The above restriction ensures to get upper and lower limits for ξ D N,bb , ξ U N,tt (see [6] for details). At this stage we will make the parametrization
where G F is the fermi constant and use it in the following. The couplingξ E N,τ τ is the other one which should be restricted and we use the prediction obtained in the analysis of the decay τ → µν i ν i , i = e, µ, τ , in [8] . In this work the BR is estimated at the order of the magnitude of 10 −6 − 10 −4 for the range of the couplings,ξ E N,τ τ ∼ 30 − 100 GeV andξ E N,τ µ ∼ 10 − 25 GeV . In the present work, for the couplingξ E N,τ τ , we take the optimum valueξ E N,τ τ ∼ 30 GeV . In addition to this we consider the general case that the couplings are complex (see eq. 7)
In Fig. 2 (3 (7) shows that the R h 0 (R A 0 ) is greater than one (less than one) for the given range of mass, for the decay h 0 → γγ (A 0 → γγ) and increases with the increasing values of the mass h 0 (A 0 ). Now we would like to summarize our results:
• We predict the decay width Γ of the decay h 0 (A 0 ) → γγ at the order of the magnitude of 10 −3 − 10 −2 GeV and it is not so much sensitive to the mass of h 0 in the given range (decreases with the increasing values of the mass of A 0 ) Therefore its measurement can provide valuable information about the h 0 (A 0 ) masses and the Yukawa couplings.
• We study the ratio R h 0 (A 0 ) which is constructed using the CP even A 
